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ABSTRACT : PROBLEM TO BE SOLVED: To obtain coating excellent in high temp, oxidation 

resistance by generating Al vapor and Cr vapor from a generating source of Al vapor and 
Cr vapor arranged in a vacuum chamber, simultaneously introducing gaseous nitrogen 
into the vacuum chamber and forming Al-Cr-N composite hard film on a substrate. 

SOLUTION: Al and Cr are melted in a crucible arranged in a vacuum chamber to generate 
Al vapor and Cr vapor. Otherwise, to a target of Al and Cr, sputtering or arc discharge is 
used to generate Al vapor and Cr vapor The compsn. of metals in the crucible or that of 
the target is preferably composed of, by atom, 25 to 75% Al and 75 to 25% Cr. Gaseous 
nitrogen is introduced into the mixed vapor of Al and Cr to generate plasma and to form 
Al-Cr-N composite hard coating, on a substrate. Its heat resistance can be improved to the 
level of 1,000°C. 
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;ciaim(s)] 

[Claim 1] From the source of aluminum steam arranged in a vacuum chamber, and Or steam, generate aluminum steam and Cr steam 
ind nitrogen gas js simultaneously introduced in a vacuum chamber. The method of forming the compound hard anodic oxide coating 
sxcellent in the high temperature-proof oxidization characteristic by ion plating characterized by making the alurninunr-Cr-N system 
;ompound hard anodic oxide coating which is the reaction product of mixed steam of said aluminum and Cr f and nitrogen gas form on a 
lubstrate. 

[Claim 2] Using the crucible arranged in a vacuum chamber, fuse aluminum and Cr, generate mixed steam of aluminum and Or, and 
utrogen gas is simultaneously introduced in a vacuum chamber. The method of forming the compound hard anodic oxide coating 
excellent in the high temperature-proof oxidization characteristic by ion plating characterized by making the a(uminurrr-Cr-N system 
3ompound hard anodic oxide coating which is the reaction product of said mixed steam and nitrogen gas form on a substrate. 
. Claim 3] Use sputtering or arc discharge for the target of aluminum and Cr arranged in a vacuum chamber, generate mixed steam of 
iluminum and Cr, and nitrogen gas is simultaneously introduced in a vacuum chamber. The method of forming the compound hard 
inodic oxide coating excellent in the high temperature-proof oxidization characteristic by ion plating characterized by making the 
iluminum-Cr-N system compound hard anodic oxide coating which is the reaction product of said mixed steam and nitrogen gas form 
>n a substrate. 

! Claim 4] The method of forming the compound hard anodic oxide coating excellent in the high temperature-proof oxidization 
;haracteristic by ion plating according to claim 2 or 3 characterized by the metal or the target in a crucible being what consists of 25 
o aluminum75 atom %, and 75 to Or 2 5 atom %. 



Detailed Description of the Invention] 
0001] 

Field of the Invention] The invention in this application relates to the method of forming on a substrate the eli*minum~Cr-N system 
tompound hard anodic oxide coating which raised the high temperature-proof oxidization characteristic by leaps and bounds using ion 
dating. 
0002] 

Description of the Prior ArtO Development of the technology which forms a high-value added coat on a substrate is conventiona/ly 
tied briskly using the PVD methods including ion plating. And since it has the outstanding abrasion resistance and the fanciness which 
ire not in the former, many TIN coats on 8 tool a metallic mold glasses, the frame of a clock, etc with which application is progressing 
nost by ion plating are applied. However, since oxidization will start if a TiN coat becomes about 500 degrees C or more, the 
application to a machine part, a tool, a metallic moid, etc. which are exposed to high temperature is impossible. Then, generally raising 
he acid-proof-ized characteristic is performed to TTN by adding aluminum as improvement technology now. However, with this 
-nprovement technology, even at most 800 degrees 0 of a heat-resistant temperature are a limit, and the present condition is that the 
improvement technology of the acid-proof-ized characteristic of hot [ beyond it ] does not exist 
0003] 

Means for solving problem] As a result of advancing research wholeheartedly that the above-mentioned technical problem should be 
solved, inventiorrin-thrs-application persons succeed in making the compound hard anodic oxide coating which improved the high 
emperature-proof oxidization characteristic by leaps and bounds as compared with the former form on a substrate using ion plating, 
md came to make the invention in this application. 

0004] That is, the invention in this application is a method of forming the compound hard anodic oxide coating of the following 
iomposition. 

1) From the source Df aluminum steam arranged in a vacuum chamber, and Cr steam, generate aluminum steam and Cr steam and 
itroduce nitrogen gas in a vacuum chamber simultaneously. The method of forming the oompound hard anodic oxide coating excellent 
i the high temperature-proof oxidization characteristic by ion plating characterized by making the aluminum-Cr-N system compound 
lard anodic oxide coating which is the reaction product of mixed steam of said aluminum and Cr, and nitrogen gas form on a substrate. 

2) Using the crucible arranged in a vacuum chamber, fuse aluminum and Cr, generate mixed steam of aluminum ancf Cr. and introduce 
litrogen gas in a vacuum chamber simultaneously. The method of forming the compound hard anodic oxide coating excellent in the high 
emperature-oroof oxidization characteristic by ion plating characterized by making the aluminurrrCr-N system compound hard anodic 
ixide coating which is the reaction product of said mixed steam and nitrogen gas form on a substrate. 

3) Use sputtering or arc discharge for the target of aluminum and Cr arranged in a vacuum chamber, generate mixed steam of 
Juminum and Cr. and introduce nitrogen gas in a vacuum chamber simultaneously. The method of forming the compound hard anodic 
ixide coating excellent in the high temperature-proof oxidization characteristic *>y ion plating characterized by making the afuminum- 
5r- 4 N system compound hard anodic oxide coating which is the reaction product of said mixed steam and nitrogen gas form on a 
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substrate. 

(4) a crucible — Inside — metal — or — a target — aluminum — 25 - 75 — an atom — % — Cr — 75 - 25 — an atom — % — from • 
- becoming — a thing — it is — things — the feature — tarrying out — ( — two — ) — a clause — or — ( — three — ) — a clause — 

a description — ion — plating — depending proof — high temperature — oxidization — the characteristic — having excelted — 

composite — hard anodic oxide coating — formation — a method . 

[0005] In the above, although the method of depending on an electron gun, the method of depending on a HORO cathode, the method 
of depending on sputtering, the method of depending on arc discharge, etc. are mentioned to the evaporation method of the metal in ior 
plating, any method is employable as operation of this invention. Namely, what is necessary is to evaporate aluminum and Cr in a 
vacuum by a certain method, to introduce nitrogen simultaneously, to generate plasma, and just to carry out membrane formation 
Formation of the reaction product on a substrate. When based on an electron gun, two evaporation sources (crucible) of aluminum and 
Or are required, but one will be available if the mixture of the AlCr alloy of a suitable composition ratio or aluminum grain, and Cr grain 
s used- When the number of evaporation sources is two. the output of each electron gun can be adjusted and each amount of 
evaporation of aluminum and Cr can be controlled. When the number of evaporation sources is one, the mixture of an AlCr alloy or 
aluminum grain suitable for the composition ratio of aluminum and Cr made into the purpose, and Cr grain is used When adopting the 
sputtering method and an arc discharge method, two targets, aluminum and Cr, may be used, and if it is the target of an aluminum/Cr 
somposition ratio of the coat made into the purpose, membranes can be easily formed by one. Since formation of the coat which has 
he high temperature-proof oxidization characteristic of having excelled very much on the substrate is attained, it is desirable to use 
vhat becomes the metal or the target in the crucible in a vacuum chamber from 25 to aluminum75 atom X and 75 to Cr25 atom %. 
.0005} The aluminum-Cr-N system film with which the feature of the coat formed of this invention requires for this invention that 
whose use up to 800 degrees C was a limit by the conventional Ti-aluminum-N system film is that use at 1000 degrees C or more is 
ilso possible. In addition, the aluminum/Cr atom ratio in an aluminum-Cr-N system coat has it, in order that that it is 0.1-2.0 may show 
he high temperature-proof oxidization characteristic of having excelled especially. [ desirable ] 
;0OO7] 

.Mode for carrying out the invention} Next, an example explains the form of operation of this invention. 
;00083 

.Working example] 

■xample t: The aluminum-Cr-N system ooat was formed in drawing 6 by the actpvated-reactive--evaporation method (the ARE method) 
jsingthe ion plating equipment in which an outline composition figure rs shown. A vacuum chamber and 2 among a figure a crucible and 
la an electron gun and 3 for one A substrate. 4 — a probe (auxiliary electrode for ionization promotion), and 5 — a reactant gas supply 
lutomatic adjustment valve and 6 — as for an electron gun power supply and 10, luminescence spectrum equipment and 8 are [ a 
•UIRAMENTO power supply and 12 ] filaments plasma control equipment and 1 1 a mass spectroscope and B a heater and 7. Put an 
UCr alloy into a crucible, introduce nitrogen as reactant gas, and 180mA of £B EMMISSHON current processing pressure 1,3x10- 
rrorr, the probe voltage 90V, and bias voltage - It held for 30 minutes with 50V, the filament current 22A, and the substrate 
emperature of 350 degrees C. and membranes were formed to SKH5T substrate by the acti^ed-reactive--evaporation method (the 
KRB method). As a result, the aiuminurn-Cr-N compound coat which can be borne also in 1-hour oxidization atmosphere at 900 
legrees C was formed on the SKH51 board. The vapor deposition alloys used as an evaporation source in a crucible for the experiment 
/ere six sorts of AlCr alloys, and Or content of them was the thing of five atom X, ten atom % 20 atom % 25 atom %. 50 atom % and 75 
itom K. As a result, membranes were able to be formed also in the thing of which Cr content. In addition, membrane formation the case 
/here only aluminum is used as an evaporation alloy, and at the time of using only Cr was also performed. Change of the X diffraction 
lattern of the various coats obtained when changing the composition ratio of aluminum and Cr of an evaporation source in the above- 
nentioned experiment is shown in drawing 1 , the inside of a figure, the thing which, as for (a), an evaporation source becomes from 
iluminum, the thing which Cb) becomes from aluminum75 atom % and Cr25 atom %. the thing which (c) becomes from aluminum50 atom 
» and CrSO atom %, and (d) — aluminum25 atom %, Cr75 atom % ** et ai. — so-called — and (e) shows what consists of Cr. Although 
nembranes can be formed also about composition [ which ] from drawing 1 , it turns out that a crystal structure changes bordering on 
b) a|uminurn75 atom % and Cr25 atom %. As for the high temperature-proof oxidization characteristic of the obtained coat six sorts of 
:oats [ no J oxidized under 900-degree C high temperature, and at least 1000 degrees C of coats in particular obtained using the 
ivaporation source of alloy composition of aluminum50 atom *Cr50 atom % did not oxidize. The aluminum-Cr-N system film became 
fistinct [ that the high temperature-proof oxidization characteristic improves by about 200 degrees C as compared with the 
conventional Tr-aluminum-N system film (high temperature-proof oxidization characteristic of 800 degrees C or less) ] from the above 
hing. 

0009] The composition distribution by the Auger analysis of the coat which used and created the aluminumSO atom *Cr50 atom % alloy 
s said evaporation source to drawing 2 is shown. Although aluminum. Cr. and nitrogen are distributed from the result quite distorted, it 
urns out that the nrtrjding thing of aluminum and Cr is formed the thickness of the obtained aluminum-Cr-N system film — the 
urface — oh, when the level difference of the coat was measured by it was about 1 1 micrometers. When weld slag is carried out 
-om the surface, and iron which is composition of a substrate appears in about 400 minutes like drawing 2 , it converts into film 
hickness and is equivalent to about 1-2 micrometers for weld slag time 400 minutes. Moreover, in Hv, the obtained coat was about 
100 (10g of loads) hardness, and was a value almost near TIN. The result of the Auger analysis after carrying out rapid cooling of this 
oat after maintenance in 1-hour oxidization atmosphere at 1000 degrees C is shown in drawing 3 . As shown in a figure, weld slag time 
bout 450 minutes have thickness of the coat including a layer of oxides. Since oxygen decreases rapidly in weld slag about 150 
linutes, the thickness which has oxidized is considered to be about 1/3 of the whole coat but the nitrided portion still remains and rt 
jms out that oxidization has not reached by a substrate only within a film. 

3010] Example 2: When aluminum50 atom KCr50 atom % was targeted and membrane formation of the aluminum-Cr-N system film was 
ied by the sputtering method which is one of the ion plating, membranes were able to be formed like the result in the ARE method 
he obtained membrane formation became clear [ not oxidizing 3 also in 1000 degrees C like what was created by the ARE method. The 
omposftion distribution by Auger of the coat created by the sputtering method is shown in drawing 4 . If aluminum. Cr, and the 
itrogen of the coat created by the sputtering method are contrasted with what was created by the ARE method, they are distributed 
niformly. The result of the Auger analysis after carrying out rapid cooling of this coat after maintenance in oxidization atmosphere for 
0 minutes at 1000 degrees C is shown in drawing 5 . Drawing 5 shows that oxidization has the high temperature-proof oxidization 

j 
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characteristic of having stopped only on the surface mostly and having excelled like the coat by the ARE method of a coat 
[0011] 

[Effect of the Invention] According to [ above-mentioned passage ] this invention, it becomes possible to protect the metal parts 
exposed to high temperature oxidization atmosphere in all the fields of **. industrial world, and metal goods from oxidization, and the 
use of manufacture is conventionally attained also under the environment which has used only difficult and expensive ceramic products 

** . [ the compound hard anodic oxide coating excellent in the high temperature-proof oxidization characteristic by the conventional 
ion plating ] Since around 1000 degrees C can be raised when 800 degrees C is application limits, the endurance of the industrial 
commodity exposed to high temperature can be raised by leaps and bounds, and the industrial application field can be extended sharply. 

** . Even if ft does not use new equipment with conventional equipment, the high temperature-proof oxidization compound coat 
concerning this invention can form inexpensive. 



[Brief Description of the Drawings] 

[Drawing 1} The X diffraction pattern figure of the coat formed in the example 1 of this invention. 

[Drawing 2] The composition distribution map by Auger of a coat who was excellent in the high temperature-proof [ aluminum-Cr-N 
system ] oxidization characteristic created in the example 1 using an aluminumSO atom KCrSO atom % alloy as an evaporation source. 
[Drawing 3] The composition distribution map by the Auger analysis of coat ** which carried out rapid cooling of the coat which was 
excellent in the high temperature-proof [ aluminum-Cr-N system ] oxidization characteristic created using the aluminum50 atom %Cr50 
atom % alloy in the example 1 after maintenance in 1-hour oxidization atmosphere at 1000 degrees C. 

[Drawing 4] The composition distribution map by Auger of the alurninurn-Gr-N system coat formed considering aluminumSO atom %Cr50 
atom % as a target by the sputtering method in the example 1 

drawing 5] The composition distribution map by the Auger analysis of coat ** which carried out rapid cooling of the alurninum-Cr~N 

system coat formed in the example 2 after maintenance in oxidization atmosphere for 30 minutes at 1 000 degrees C. 

[Drawing 6] The outline composition figure of the ion plating equipment used in this invention example 1. 

[Explanations of letters or numerals] 

I : Vacuum chamber £ A crucible, 2a:etectron gun 

i: Substrate 4: Probe (auxiliary electrode for ionization promotion) 

5: Reactartt gas supply automatic eojustment valve 6: Heater 

7: Quantometer 8: Mass spectroscope 

J: Electron gun power supply 10: Plasma control equipment 

1 1 : Filament power supp \y 1 2: Rlament 
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Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

pflMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

^/faded text or drawing 

□ blurred or illegible text or drawing 

□ skewed/slanted images 

□ color or black and white photographs 
□'gray scale documents 

□ lines or marks on original document 

□ reference(s) or exhibit(s) submitted are poor quality 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



